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$z$ , $x$ , $y$ .
$2$ [, $L$ , $P$ $\epsilon=\sqrt{2l/L}$ .
, ( $z$ ) – $(\partial/\partial z=0)$ .
, $\epsilonarrow 0$ , $Rearrow\infty$ \epsilon Re
. $l$ ,
$x=y=z=0$ $U_{0}$ , $\mathrm{u}=u\mathrm{i}+v\mathrm{j}+w\mathrm{k}$
$P$ . , $\mathrm{i},$ $\mathrm{j},$ $\mathrm{k}$ , $x,y,$ $z$
.
$\nabla\cdot \mathrm{u}=0$ , (2.1)
$\frac{\partial \mathrm{u}}{\partial t}+(\mathrm{u}\cdot\nabla)\mathrm{u}=-\nabla p+\frac{1}{2}\epsilon w^{2}\mathrm{i}2+\frac{1}{Re}\Delta \mathrm{u}$ . (22)
36
, $\nabla$ , $\nabla=\partial/\partial x\mathrm{i}+\partial/\partial y\mathrm{j}$ . , $Re$ , $Re=lU\mathrm{o}/\nu$
. $\mathrm{u}$
$u=v=w=0$ at $x=\pm 1$ (2.3)
.
, Poiseuille
– . , $\overline{\mathrm{u}}=$
$\overline{w}(x)\mathrm{k}$ , $\overline{w}(x)$ .
$\overline{w}(x)=\frac{1}{2}$C&(l $-x^{2}$ ) $=1-x^{2}$ . (2.4)
$C$ $z$ C $=2/Re$ . p-(x, $z$ )
$\overline{p}(_{X,Z})=\frac{1}{2}\epsilon^{2}\int_{0}^{x}.\overline{w}(_{X’)}2\mathrm{d}x-’\frac{2}{Re}z+p_{0}$ (2.5)
. , $P\mathrm{o}$ $x=z=0$ .
, G\"ortler , z – $(\partial/\partial z=0)$
. . \^u \^u=\epsilon u^i+\epsilon v^j+w^k




$\overline{\partial x}\overline{\partial}\hat{u}+\hat{v}=0y$’ ( . )
$\frac{\partial\hat{u}}{\partial\tau}-\overline{w}\hat{w}-\frac{1}{Dn}\Delta\hat{u}+\frac{\partial\hat{p}}{\partial x}=-(\hat{\mathrm{u}}\cdot\nabla)\hat{u}+\frac{1}{2}\hat{w}2$ , (2.7)
$\frac{\partial\hat{v}}{\partial\tau}-\frac{1}{Dn}\Delta\hat{v}+\frac{\partial\hat{p}}{\partial y}=-(\hat{\mathrm{u}}\cdot\nabla)\hat{v}$ , (2.8)
$\frac{\partial\hat{w}}{\partial\tau}+\hat{u}\frac{\theta\overline{w}}{\partial x}-\frac{1}{Dn}\Delta\hat{w}=-(\hat{\mathrm{u}}\cdot\nabla)\hat{w}$ (2.9)
. , $(2.6)_{-}(2.9)$ 2 $\epsilon$ $Re$ ,
$Dn=\epsilon Re$ .
, \^u $y$ , –
. , \^u $\propto$ exp(\mbox{\boldmath $\omega$}t) . ,
\^u $={}^{\mathrm{t}}(u_{1}, v\iota, w1)\mathrm{e}\mathrm{x}\mathrm{p}\mathrm{l}\mathrm{i}\beta y+\omega\tau]$ , (2.10)
. $(2.7),(2.8),(2.9)$ , $\tau$)$\wedge,\hat{P}$ , (2.10) ,
$u_{1}$ $w_{1}$ . .
$\frac{1}{Dn}(D^{2}-\beta 2)w_{1}-(\frac{\mathrm{d}\overline{w}}{\mathrm{d}x})u_{1}=\omega w_{1}$ , (2.11)
$- \overline{w}\beta^{2}w_{1}+\frac{1}{Dn}(D^{2}-\beta 2)^{2}u1=\omega(D^{2}-\beta 2)u_{1}$ . (2.12)
37
, $D\equiv \mathrm{d}/\mathrm{d}x$ . $u_{1}$ $w_{1}$ , .
$u_{1}=Du_{1}=w_{1}=0$ at $x=\pm 1$ . (2.13)
(2.11), (2.12) (2.13) , $\omega$
.
, Gibson &Cook $(1974)^{5)}$ ,
$Dn_{\mathrm{c}}=26.942$ $\beta$ $=1.975$ $($Gibson&Cook, $1974)^{5)}$ . Dn-\beta
2 . , .







, G\"ortler , z – $(\partial/\partial z=0)$
. $\hat{\Psi}(x,y)$ .
\^u $(x, y)= \frac{\partial\hat{\Psi}(x,y)}{\partial y}$ , $\hat{v}(_{X}, y)=-\frac{\partial\hat{\Psi}(x,y)}{\partial x}$ . (3.1)
(3.1) $(2.6)_{-}(2.9)$ /\partial \tau $=\partial/\partial z=0$ , $\hat{\Psi}(x, y)$ $\hat{w}(x, y)$
.





$( \frac{C\Psi}{\partial y},$ $\frac{\sigma}{\partial x}-\frac{C\Psi}{\partial x}\frac{o}{\partial y’})\hat{w}+D\overline{w}\frac{C\Psi}{\partial y},$ $= \frac{1}{\beta Dn}\Delta_{2}\hat{w}$. (3.3)
, $y’=\beta y$ , $\Delta_{2}$ .
$\Delta_{2}\equiv\frac{\partial^{2}}{\partial x^{2}}+\beta^{2}\frac{\partial^{2}}{\partial y^{\mathit{2}}},\cdot$ (3.4)
, $\beta$ . $\hat{\Psi}$ $\hat{w}$ , .
$\frac{\partial\hat{\Phi}}{\partial y}=\frac{\partial\hat{\Phi}}{\partial x}=\hat{w}=0$, at $x=\pm 1$ . (3.5)
(3.2), (3.3) $\hat{\Psi}(x, y’)$ $\hat{w}(x, y)’$ .
$\hat{\Psi}(x, y^{j})=\sum_{m=0}^{M}\sum_{n=0}\psi_{\dot{m}n}(1-x)^{2}N-12\tau_{m}(x)\sin(n+1)y’$ , (3.6)
$\hat{w}(x, y)’=\sum M\sum w_{mn}(1N-x2)Tm(x)\cos ny’$ . (3.7)
$m\text{ }0n=0$
$M$ $N$ x $y^{\text{ } },$ $\tau\sim m$ $m$
. .
(3.2), (3.3) $y^{j}$ $(\hat{\Psi},\hat{w})$ .
$\hat{\Psi}(x, y’)=-\hat{\Psi}(_{X}, -y)’$ , $\hat{w}(x,y’)=\hat{w}(_{X}, -y^{j})$ . (38)
(3.8) (Win-
ters, 1987)1). .
( ) $–=$ .
. ( ) .
$x \dot{.}=\cos\frac{\pi i}{M+2}(1\leq i\leq M+1)$ , (3.2), (3.3) , $(3.9a)$
$y_{j}’= \frac{\pi j}{N+1}(1\leq j\leq N)$ , (3.2) , $(3.9b)$
$y_{j}’= \frac{\pi j}{N+1}(0\leq i\leq N)$ , (3.3) . $(3.9c)$
$M=10,$ $N=6$ . . (3.6), (3.7),
(3.9) (3.2), (3.3) , , $\Psi_{mn}$.
$w_{mn}$ . .. $\cdot$
, $x=0,$ $y=0$ $x$ $u$ $\beta$
, $A_{1}$ . 3 ,




G\"ortler , ‘Principle of exchange of stability’ ,
. , , G\"ortler
, (\beta ) . ,
, – 1:2 1:2:3
, . , 3
.
, G\"ortler , z – $(\partial/\partial z=0.)$
.
. $\psi\equiv{}^{\mathrm{t}}(\hat{u},\hat{v},\hat{w})$ $y$ .
$\psi=.\sum_{n=}^{\infty}\overline{\psi}_{n}(X, t)E^{n}-\infty$. (4.1)
,
: $\overline{\psi}_{n}=(\mathrm{t}\tilde{w}_{n}\overline{u}_{n},\overline{v}n’):.$ (42). $\mathrm{v}::\cdot$ . .
, E=exp(i\beta . (4.1) $(2.6)_{-}(2.9)$ $\overline{\psi}_{n}$
, .
$. \frac{\partial}{(?\tau}M_{n}\overline{\psi}_{n}--L_{n}\overline{\psi}_{n}+N_{n}$ . (4.3)
$M_{n},$ $L_{n},$ $N_{n}$ .
$M_{n}=$ , $L_{n}=$ , (4.4)












$(\beta=\beta_{1})$ $A_{1}(\tau)$ , $\tilde{\psi}_{n}(x, \tau)$ $A_{1}$ $A_{1}$
.
$\tilde{\psi}_{0}=|A_{1}|^{2}\phi_{-11}(x)$ , $(4.6a)$
$\psi_{1}=A_{1}\phi 1(X)+|A_{\iota}|^{2}A_{1}\phi_{-11}1(X)$ , $(4.6b)$
$\tilde{\psi}_{2}=A_{1}^{2}\phi 11(x)$ . $(4.6c)$
, $\phi_{1},$ $\emptyset-11,$ $\emptyset 11,$ $\emptyset-111$ , .




(4.6), (4.7) (4.3) , $A_{1}^{m}$
\mbox{\boldmath $\phi$}1, $\emptyset_{-11},$ $\emptyset 11,$ $\phi_{-}111$ .
(4.7) $\lambda_{1},$ $\lambda_{-111}$ . $O(A_{1})$
.
$\lambda_{1}M_{1}\phi_{1}=L1\phi_{1}$ . (48)
(4.8) (2.11), (2.12) , (4.8) $\phi_{1}$
$\lambda_{1}$ . $u_{1}(0)=1$ , $A_{1}$ $x=0$
u-l (X) . , $u_{-11}(0)=0,$ $u_{1}1(0)=0,$ $u_{-111}(0)=0$
, $\lambda_{-11},$ $\lambda_{1}1,$ $\lambda-1\iota 1$ . $O(|A_{1}|^{2})$
$\emptyset-11$ , \mbox{\boldmath $\phi$}-11 . $O(A_{1}^{2})$
$\phi_{11}$ , \mbox{\boldmath $\phi$}11 . $O(|A_{1}|^{2}A_{1})$
.
$(\lambda_{1}^{*}+2\lambda_{1})M_{1}\emptyset_{-}111$ \dagger $\lambda_{-\iota}11M1\emptyset 1=L1\phi_{-1}11+N-111$ . (4.9)
$N_{-111}=N[\phi_{-11}, \phi 1]+N[\phi\iota, \emptyset-11]+N[\phi_{-1}, \emptyset 11]+N[\emptyset 11, \emptyset-1]$






$\lambdaarrow 111$ . $u_{1}(0)=1,$ $u_{-111}(\mathrm{o})=0$ .
$\lambda_{1}=0$ , $\lambda_{-111}$ , .
(4.11)
$\lambda_{-111}=\frac{\int\tilde{\phi}_{1}N_{-11}1\mathrm{d}X}{\int\tilde{\phi}_{1}M_{1}\emptyset 1\mathrm{d}X}$ . (4.12)
, $\tilde{\phi}_{1}$ , $\phi_{1}$ , $\text{ }\psi n$ .
$\lambda_{n}\overline{M}_{n}\tilde{\phi}_{n}.=\overline{L}_{n}\overline{\phi}_{n}$ . (4.13)
;
$\overline{M}_{n}=$ , $\overline{L}_{n}.=$ $-(LS_{n}/0$overline{L}_{n}.=$ (4.14)
. .
(4.7) \mbox{\boldmath $\lambda$}1, $\lambda_{-111}$ , $A_{1}$ ,
$\overline{A}=\sqrt{-\lambda_{1}/\lambda_{-111}}$ . 4 , \beta $=1.975$ $A_{1}$
6. $\text{ }*$,
$-$
} $\mathrm{h}\ovalbox{\tt\small REJECT} 5i\mathrm{E}\ovalbox{\tt\small REJECT}_{\ovalbox{\tt\small REJECT}}’\ovalbox{\tt\small REJECT}^{\wedge}/\sigma=^{\Delta}\mathrm{f}\mathrm{f}\mathrm{l}$) $\text{ }-\text{ }-$ “ ,
. , $(Dn, \beta)=(Dn_{\mathrm{C}},\beta_{\mathrm{c}})=(26.942,1.975)$
. , ,
. $Dn<28$ – . 4 ( –
) , – . 5 $Dn=28$ $A_{1}$
. , , . $Dn=28(1\backslash 2$
5) , $A_{1}$ , 1 . 5 , –
. – ,
4. \beta $=$ 1.975 5. $x=0$ $A_{1}\equiv\tilde{u}_{1}$
$x=0$ $A_{1}\equiv\tilde{u}_{1}$ . . $Dn=28$.
42
4.2 1:2
– $-\backslash \nearrow$ , $Dn>Dn_{2}=29.15$
$(\beta=\beta_{1})$ $(\beta=2\beta_{1})$ 2 , 2
. ,
1:2 .
$(\beta=\beta_{1})$ $A_{1}(\tau)$ , $(\beta=2\beta_{1})$ $A_{2}(\tau)$ ,
$\overline{\psi}_{n}(x, \tau)$ $A_{1},$ $A_{2}$ $A_{1},$ $A_{2}$
.
$\overline{\psi}_{0}=|A_{1}|^{2}\emptyset-11(x)+|A2|^{2}\emptyset-22(X)$ , $(4.15a)$
$\psi_{1}=A_{1}\phi 1(_{X})+A_{1}^{*}A_{2}\phi_{-}12(_{X)}+|A_{1}|^{2}A_{1}\phi_{-1}\iota 1(X)+|A_{2}|^{2}A_{1}\phi_{-221}(x), (4.15b)$
$\overline{\psi}_{2}=A_{2}\phi(X)+A_{1}2\phi_{1}1(_{X)}+|A_{1}|^{2}A_{2}\emptyset_{-1}12(X)+|A_{2}|^{2}A_{2}\phi_{-}222(X), (4.15c)$
$\overline{\psi}_{3}=A_{1}A_{2}\phi 12(X)$ , $(4.15d)$
$\tilde{\psi}_{4}=A_{2}^{2}\emptyset 22(_{X)}.$ $(4.15e)$




(4.15), (4.16) (4.3) , $A_{1}^{m}A_{2}^{n}$
\mbox{\boldmath $\phi$}1, $\phi,$ $\phi_{-11},$ $\phi_{-22},$ $\phi-12,$ $\phi 11,$ $\phi_{1}2,$ $\phi 22,$ $\emptyset-111,$ $\emptyset_{-}221,$ $\emptyset_{-}112,$ $\phi_{-}222$
. (4.16) . ,
$O(A_{1}),$ $O(A_{2})$ .
$\lambda_{\iota}M_{1}\phi 1=L_{1}\phi_{1}$ , (4.17)
$\lambda_{2}M_{2}\phi_{2}=L_{2}\phi 2$ . (4.18)
(4.17), (4.18) (2.11), (2.12) , (4.17)
$\phi_{1}$ $\lambda_{1}$ , (4.18) \mbox{\boldmath $\lambda$}2 .
$u_{1}(0)=1,$ $u_{2}(0)=1$ , $A_{1},$ $A_{2}$ $x=0$ $\tilde{u}_{1}(x),\overline{u}_{2}(x)$
.
(4.16) \mbox{\boldmath $\lambda$}-12, $\lambda_{-111},$ $\lambda_{-221},$ $\lambda_{11},$ $\lambda_{-112},$ $\lambda_{-222}$ , \mbox{\boldmath $\lambda$}1 $\neq 0$
\mbox{\boldmath $\lambda$}2 $\neq 0$ , $\lambda_{1}=0$ \mbox{\boldmath $\lambda$}2 $=0$
. , \mbox{\boldmath $\lambda$}1 $=\lambda_{2}=0$ 1:2
$(Dn_{2}= 29.15, \beta= 1.378)$ ,
. , $\lambda_{1},$ $\lambda_{2}$ ,
.
(4.16) $\lambda_{1},$ $\lambda_{-12},$ $\lambda_{-111},$ $\lambda_{-221},$ $\lambda_{2},$ $\lambda_{11},$ $\lambda_{-112},$ $\lambda_{-222}$
, $A_{1},$ $A_{2}$ , . Dn=29.5( $6(\mathrm{a})$ ) Dn=3O(
$6(\mathrm{b}))$ , $A_{1}$ , 2 . , 1
, 2 . ,
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$A_{1}$ , – . 2 ,
1:2 . 1:2
, 14)
$7(\mathrm{a})(Dn=29.5)$ , $7(\mathrm{b})(Dn=30)$ 1:2
$A_{1}$ . ,
, . , $Dn=29.5$ ,
$1.440<\beta<2.585$ , $Dn=30$ , 1. $449<\beta<2.741$
$\bigwedge_{-}.$ >f $\hslash\mathrm{a}$ -
6. $x=0$ $A_{1}\equiv\tilde{u}_{1}$
. (a) $Dn=29.5,$ $(\mathrm{b})Dn=30$ .
,7.
$x=0$ $A_{1}\equiv$ .








$(\beta=\beta_{1})$ $A_{1}(\mathcal{T})$ , $(\beta=2\beta_{1}, \beta=3\beta_{1})$
$A_{2}(\mathcal{T}),A_{3}(\tau)$ , $\mathrm{d}A_{1}/\mathrm{d}_{\mathcal{T}},\mathrm{d}A_{2}/\mathrm{d}_{\mathcal{T}},\mathrm{d}A_{3}/\mathrm{d}_{\mathcal{T}}$ $\overline{\psi}n(X, \mathcal{T})$
$A_{1},$ $A_{2},$ $A_{3}$ $A_{1},$ $A_{2},$ $A_{3}$ ,
(4.3) , AllAmmm
.
. , $A_{1},$ $A_{2},$ $A_{3}$ ,
, .
8 $(\mathrm{a})(Dn=\mathit{3}5)$ , 8(b) $(Dn=\mathit{3}6)$ , $A_{1}$
. $8(\mathrm{a}),(\mathrm{b})$ 3 . 1:2:3 ,
.15)
8. $x=0$ $A_{1}\equiv\tilde{u}_{1}$




, G\"ortler . .
5.1
, $240\mathrm{m}\mathrm{m}$, $30\mathrm{m}\mathrm{m}$, 1:8 ,










) 8\mbox{\boldmath $\sigma$}0‘ ’‘, .
. $-\backslash \nearrow$
.
$Dn= \text{ }\frac{}D}{l\text{ }\sqrt{\frac{a}{R}}=Re\sqrt{\frac{a}{R}}$. (5.1)
U , $D$ $(=2ab/(a+b))$ , \nu , R
( $240\mathrm{m}\mathrm{m}$), $a$ ( $30\mathrm{m}\mathrm{m}$ ), $b$ (
$240\mathrm{m}\mathrm{m}$) .
. , , G\"ortler
, , .
$\overline{\lambda}$ . $a$






10 . 10 ,
( ) , ,
, – . ,
– , ,
, G\"ortler , G\"ortler
.
11 $(a)-11(C)$ $\theta=180^{\mathrm{o}}$ .
, . , G\"ortler
. 11 $(a)-\dot{1}1(c)$
$(a)Dn=109,$ $(b)Dn=153,$ $(c)Dn=196$ . $\nearrow\backslash$ 4\sim 7




11. $x$ -y $(\theta=$
$180^{\mathrm{o}})(\mathrm{a})Dn=109,$ $Re=308,$ $(\mathrm{b})$
$Dn=153,$ $Re=432,$ $(\mathrm{c})Dn=196$ ,
$Re=555$ .
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